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Recently in Developmental Cell, Bro¨hl et al. (2012) reported that Notch regulates muscle stem cell homing to
its niche. Notch is required when myogenic cells cease producing new fibers and become sequestered
between a newly forming basement membrane and the muscle fiber surface: the position that defines
them as satellite cells.Developmental biologists have long been
entranced by the skeletal muscle arche-
type of tissue development and particu-
larly fascinated by the reiterative nature
of the mechanisms behind the different
phases, from its initial formation in the
somites through its subsequent develop-
ment and growth in the muscles of the
body wall and limbs and its regenerative
response to injury in the adult. Recently,
this nearly continuous sequence has
become progressively dissected into
distinct phases. In a recent issue ofDevel-
opmental Cell, Bro¨hl et al. (2012) sharpen
the definition of one of the more dramatic
phase boundaries—namely, the transition
from the myoblasts responsible for initial
formation of muscle fibers in the fetus to
the satellite cell that constitutes the major
source of myogenic precursors in post-
natal muscle (Lepper et al., 2011). Put
simply, this transition consists of the
formation of a basement membrane that
holds the satellite cell in close apposition
to the adjacent muscle fiber and seques-
ters it from the interstitial space.
Bro¨hl et al. (2012) show that this
process is dependent on two functions
of the Notch pathway. First, it preserves
the progenitor state of the satellite cells
by antagonizing the master regulator of
differentiation MyoD (Vasyutina et al.,
2007). At the same time, Notch signaling
acts to place these myogenic precursors
in the anatomical position that defines
them as satellite cells, both by generating
the components of the basement mem-
brane that overlies them and by coordi-
nating the adhesive mechanisms by
which they adhere to this newly formed
basement membrane and to the under-
lying muscle fiber. Moreover, they showthat location within this anatomical
niche is essential for the function of late-
fetal satellite cells in driving subsequent
growth of the fibers.
The widely pervasive involvement of
Notch signaling in developmental pro-
cesses has made it difficult to disentangle
its various functions. For example,
previous work establishing the role of
Notch in muscle progenitor differentiation
involved elimination of RBP-J, a major
mediator of Notch signaling; this resulted
in muscle hypertrophy in the embryo
due to uncontrolled differentiation of
myogenic progenitor cells with a concom-
itant failure to generate satellite cells
(Vasyutina et al., 2007), thus presenting
a clear impediment to investigation of
any role for Notch in later stages of satel-
lite cell biology. To overcome this
problem, Bro¨hl et al. (2012) employed
a clever genetic trick to retain myogenic
progenitors in the context of a variety of
strategies for disabling of the Notch
signaling pathway. They did this by also
removing MyoD, the principal driver to
terminal myogenic differentiation. This
strategy preserved large numbers of
myogenic precursors in dually deficient
Notch-signaling/MyoD muscle but they
were found almost entirely in the
muscle interstitial cell spaces and not
in their ‘‘natural’’ homewithin the sublami-
nal space of the myofiber. Moreover,
despite being present in large numbers,
in double-null Notch-signaling/MyoD
muscles, these potentially myogenic cells
did not contribute effectively to muscle
growth in the late fetus (Figure 1). By
contrast, in MyoD single-null muscles,
myogenic precursors are found predomi-
nantly, though not entirely, below theCell Stem Cell 1basal lamina and do participate in late
fetal growth. The fact that in MyoD-null
muscles, even in the context of an intact
Notch pathway, some 28% of myogenic
cells remained lost in the interstitium
raises the intriguing question of whether
these cells were unfortunate victims of
a stochastic process or of some further
regulatory mechanism yet to be defined.
What are the challenges to a satellite
cell in finding a home in the sublaminal
space around the muscle fiber? Mini-
mally, to merit the ‘‘satellite cell’’ attribu-
tion, the progenitor has to establish stable
adherence to the muscle fiber on one side
and ensheathment by the developing
basal lamina on the other. Interestingly,
Bro¨hl et al. (2012) found downregulation
of core components of both basal lamina
and adhesion complexes in myogenic
cells dually deficient in Notch signaling
and MyoD. They conclude that Notch
signaling in satellite cells, in addition to
regulating their myogenic differentiation,
controls assembly of the basal lamina
and the mechanisms of satellite cell
adhesion to it and to the myofiber, thus
providing the tools with which the satellite
cell builds its own nest.
It should be noted that the fibers them-
selves developed their basal lamina in
all mutant situations. While this current
article emphasizes mechanisms that
are autonomous to the satellite cell,
the role of depletion of Notch in the myo-
fiber, which is a coequal partner with
the emerging satellite cell, is also worthy
of investigation. Indeed, the fact that
satellite cell number varies consistently
between different anatomical muscles
clearly implies an effect of the fiber on its
satellite cell population.1, October 5, 2012 ª2012 Elsevier Inc. 443
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Figure 1. The Rationale of the Design of the Experiment to Demonstrate the Role of Notch
Signaling in the Correct Location and Function of the Satellite Cell during Late Fetal
Development in the Mouse
(A) In normal muscle, the satellite cell forms adhesions with the underlying muscle fiber and with the over-
lying basement membrane. Together, these stabilize it in its topological position and very few myogenic
cells are seen outside of the basement membrane under normal circumstances.
(B) In muscles where Notch signaling has been disabled, MyoD is overexpressed and the myogenic cells
enter into compulsive differentiation into the myofibers, leaving very few myogenic cells to proliferate and
fuse for future growth of the fiber.
(C) In the absence of MyoD expression, the satellite cells do not undergo excessive myogenic differenti-
ation and continue to proliferate. However, as the muscle becomes enveloped by basement membrane
during late fetal development, these Notch-disabled myogenic precursors fail to locate themselves
between the basement membrane and the surface of the fiber. Bro¨hl et al. (2012) show that in the absence
of Notch signaling, the satellite cells fail to secrete a number of basement membrane proteins as well as
adhesionmolecules that they use to attach to themembrane and themuscle fiber surface. In this abnormal
position, they do not contribute effectively to further prenatal growth of the muscle fibers.
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the myogenic program consists of several
different phases. Notably, Pax 7 has been
shown to be required for participation of
myogenic cells during fiber growth but
not during regeneration in the adult
(Lepper et al., 2009). Moreover, Pax7 is
also dispensable during the phase of
muscle formation that precedes the tran-
sition to growth of fibers from the newly
formed satellite cell compartment. It is
clear from the findings of Bro¨hl et al.
(2012) that colonization of the satellite
cell niche by myogenic progenitors is
crucial for their participation in subse-
quent prenatal growth. Whether similar444 Cell Stem Cell 11, October 5, 2012 ª201mechanisms play a part in early postnatal
growth, normal muscle homeostasis, or
regeneration upon severe trauma is an
obvious objective of future research.
Notch’s role in antagonizing MyoD
to prevent differentiation is certainly pre-
served in adult satellite cells (Bjornson
et al., 2012; Mourikis et al., 2012) but
Notch pathways are very complex.
Notch1 and Notch2 act as potent tran-
scriptional activators of their target
genes via RBP-J-dependent signaling;
by contrast, Notch3 is distinct from
Notch1 and acts as a Notch1 repressor
by activating Nrarp, a negative feedback
regulator of Notch signaling (Kitamoto2 Elsevier Inc.and Hanaoka, 2010). Satellite cells in
the adult express Notch1, Notch2, and
Notch3, together with Notch ligands
Dll1 and Jag1 (reviewed in Relaix and
Marcelle, 2009). Since the molecular
mechanisms of these Notch/receptor
combinations are not yet understood,
how this intricate regulation by the
different Notch ligand/receptor combina-
tions drives occupation of the sublaminal
niche by the satellite cell both in growing
and in regenerating postnatal muscle are
open questions. There is evidence that
satellite cells spend time out of this niche
while transiting between fibers during
postnatal growth and in response to
injury (Hughes and Blau, 1990; Partridge
and Lu, 2008) while at the same time
restoring a normal satellite cell popula-
tion. Resolution of these questions will
doubtless entail further application of the
ingenious techniques of molecular manip-
ulation exemplified in the work of Bro¨hl
et al. (2012).REFERENCES
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